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COM 6402 
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Universal Asynchronous Receiver/Transmitter 

UART 



FEATURES 

□ Low Power— 10mw@ 3.2MHz typical 

□ Single +5v power supply 

□ DC to 3.2MHz 

□ TTL Compatible 

□ Full or Half Duplex Operation — can receive and 

transmit simultaneously at different baud 
rates 

□ Fully Double Buffered — eliminates need for 

precise external timing 

□ Start Bit Verification — decreases error rate 

□ Fully Programmable — data word length, parity 

mode, number of stop bits; one, one and 
one-half, or two 

□ Tri-State Outputs — bus structure oriented 

□ Baud Rate Clock Generated by COM 8046 

□ Hermetic DIP Package — easy board insertion 

□ Pin for pin replacement for: Harris HD-6402, 

Intersil IM6402 

□ Compatible with Industry Standard UARTs 



General Description 

The Universal Asynchronous Receiver/Trans- 
mitter is a CMOS/ LSI monolithic circuit that 
performs all the receiving and transmitting 
functions associated with asynchronous data 
communications and processor interfacing. 
CMOS/LSI technology permits operating clock 
frequencies up to 3.2MHz (200K Baud) while 
requiring only 10mwof power. The duplex mode, 
baud rate, data word length, parity mode, and 
number of stop bits are independently program- 
mable through the use of external controls. There 
may be 5, 6, 7, or 8 data bits, odd/even or no 
parity, and 1 , or 2 stop bits or 1 .5 stop bits when 
utilizing a 5-bit code. These programmable 
features provide the user with the ability to inter- 
face with a wide range of peripherals, modems, 
and remote data acquisition systems. 



Pin Configuration 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range — 55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin Vcc +0.3V 

Negative Voltage on any Pin GND —0.3V 

Supply Voltage +8V 



'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 



ELECTRICAL CHARACTERISTICS (T* = 0°C to 70°C, Vcc= +5V ±10%, unless otherwise noted) 
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SWITCHING WAVEFORMS 
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Description of Pin Functions 
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Function 



+ 5 volt Supply 
No connection 
Ground 

A low-level input enables the outputs (RD8-RD1) of the receiver buffer register. 

These are the 8 tri-state data outputs enabled by RDE. Unused data output lines, as 
selected by NDB1 and NDB2, have a low-level output, and received characters are 
right justified, i.e. the LSB always appears on the RD1 output. 

This tri-state output (enabled by SWE) is at a high-level if the received character parity 
bit does not agree with the selected parity. 

This tri-state output (enabled by SWE) is at a high-level if the received character has 
no valid stop bit. 

This tri-state output (enabled by SWE) is at a high-level if the previously received 
character is not read (RDA output not reset) before the present character is transferred 
into the receiver buffer register. 

A low-level input enables the outputs (RPE, RFE, ROR, RDA, and TBMT) of the status 
word buffer register. 

This input is a clock whose frequency is 16 times (16X) the desired receiver baud 
rate. 

A low-level input resets the RDA output to a low-level. 

This tri-state output (enabled by SWE) is at a high-level when an entire character 
has been received and transferred into the receiver buffer register. 

This input accepts the serial bit input stream. A high-level (mark) to low-level (space) 
transition is required to initiate data reception. 

This input should be pulsed to a high-level after power turn-on. This sets TSO, TEOC, 
and TBMT to a high-level and resets RDA, RPE, RFE and ROR to a low-level. 

This tri-state output (enabled by SWE) is at a high-level when the transmitter buffer 
register may be loaded with new data. 

A low-level input strobe enters the data bits into the transmitter buffer register. 

This output appears as a high-level each time a full character is transmitted. It 
remains at this level until the start of transmission of the next character or for 
one-half of a TCP period in the case of continuous transmission. 

This output serially provides the entire transmitted character. TSO remains at a 
high-level when no data is being transmitted. 

There are 8 data input lines (strobed by TDS) available. Unused data input lines, 
as selected by NDB1 and NDB2, may be in either logic state. The LSB should always 
be placed on TD1. 

A high-level input enters the control bits (NDB1, NDB2, NSB, POE and NPB) into the 
control bits holding register. This line may be strobed or hard wired to a high-level. 

A high-level input eliminates the parity bit from being transmitted; the stop bit(s) 
immediately follow the last data bit. In addition, the receiver requires the stop bit(s) 
to follow immediately after the last data bit. Also, the RPE output is forced to a 
low-level. See pin 39, POE. 

This input selects the number of stop bits. A low-level input selects 1 stop bit; 

a high-level input selects 2 stop bits. Selection of two stop bits when programming 

a 5 data bit word generates 1 .5 stop bits. 

These 2 inputs are internally decoded to select either 5, 6, 7, or 8 data bits/character 
as per the following truth table: 

NDB2 NDB1 data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 

The logic level on this input, in conjunction with the NPB input, determines the parity 
mode for both the receiver and transmitter, as per the following truth table: 
NPB POE MODE 

L L odd parity 

L H even parity 

H X no parity 

X = don't care 

This input is a clock whose frequency is 16 times (16X) the desired transmitter 
baud rate. 



3 



RECEIVER OPERATION 



Data is received in serial form at the RSI input. 
When no data is being received the RSI input must 
remain high. The data is clocked through the RCP. 
The clo ck rate is 16 times the data rate. ® A low 
level on RDAR clears the RDA line. (B) During the 
first stop bit data is transferred from the receiver 
register to the RBRegister. If the word is less than 
8 bits, the unused most significant bits will be a 
logic low. The output character is right justified to 
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the least significant bit RD1. A logic high on ROR 
indicates overruns. An overrun occurs when RDA 
has not been cleared before the present character 
was transferred to the RBRegister. © V2 clock 
cycle later RDA is reset to a logic high, RPE and 
RFE are evaluated. A logic high or RFE indicates an 
invalid stop bit was received, a framing error. A 
logic high on RPE indicates a parity error. 
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RECEIVER TIMING (NOT TO SCALE) 



START BIT DETECTION 

The receiver uses a 16X clock for timing. ® The 
start bit could have occurred as much as one clock 
cycle before it was detected, as indicated by the 
shaded portion. The center of the start bit is de- 
fined as clock count 7 1 /2. If the receiver clock is a 



symmetrical square wave, the center of the start bit 
will be located within ±Vz clock cycle, ±Mi bit or 
3.125% giving a receiver margin of 46.875%. The 
receiver begins searching for the next start bit at 
the center of the first stop bit. 
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TRANSMITTER OPERATION 



The transmitter section accepts parallel data, for- 
mats it and transmits it in serial form on the TSO. 
® Data is loaded into the transmitter buffer regis- 
ter fro m the inputs TD1 through TD8 by a logic low 
on the TDS input. Valid data must be present at 
le ast ts ET prior to and Ihold following the rising edge 
of TDS. If words less than 8 bits are used, only the 
least significant bits are used. The character is right 
justified into the least significant bit, TD1. (§) The 
rising edge of TDS clears TBMT. Vz to 1 1 /2 clock 
cycles later data is transferred to the register and 



TEOC is cleared. Vz cycle later transmission starts. 
Output data is clocked by TCP. The clock rate is 16 
times the data rate. Vz clock cycle later TB MT is 
reset to a logic high. © A second pulse on TDS 
loads data into the transmitter buffer register. Data 
transfer to the transmitter register is delayed until 
transmission of the current character is complete. 
© Data is automatically transferred to the trans- 
mitter register and transmission of that character 
begins one clock cycle later. 



TDS 
TBMT 
TEOC 

TSO 



j 1 CLOCK 



-* % to V , CLOCKS 



--\ V 2 CLOCK 

1 n — 



CLOCK 



® 




END OF LAST STOP BIT 



TRANSMITTER TIMING (NOT TO SCALE) 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not necessarily given. The information has been carefully checked 
and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of SMC or others. 
SMC reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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